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manufacture and encapsulation of va 



Multivesicular liposomes are one of the three main types of liposomes, first m 
Biochim, Biophys. Acta 782, 339-348), and are uniquely different from the ur 
Biochemistry 8,344-352; Kim, et al. 1981, Biochim. Biophys. Acta 646, 1-10) and m 

al. 1965, J. Mol, Bio. 13,238-252) liposomes in that there are multiple non-concentric aqueous chambers 
within. Previously described techniques for producing liposomes relate to the production of non-mul- 
tivesicular liposomes; for example, U.S. Patent Nos. 4,522,803 - Lenk, 4.310,506 - Baldeschwieler, 
4,235,871 - Papahadjopoulos, 4,224,179 - 4,078,052 - Papahadjopoulos, 4,394,372 - Taylor, 4,308,166 - 
MarchetS, 4,485,054 - Mezei, and 4,508,703 - Redziniak. For a comprehensive review of various methods of 
liposome preparation, refer to Szoka, et al. 1980, Ann. Rev. Biophys. Bioeng. 9:467-508. 

Heterovesicular liposomes are lipid vesicles or liposomes with multiple internal aqueous chambers 
where at least two substances of different compositions are each encapsulated in separate chambers within 
one liposomes. The lipid vesicles or liposomes with multiple internal aqueous chambers include multilamel- 
ar liposomes. It is highly advantageous to 

)d together in each compartment of the 




The use of hydrochloric acid with a neutralizing agent, or other hydrochlorides which slow leakage rates 
is preferably for high encapsulation efficiency and for a slow leakage rate of encapsulated molecules in 
biological fluids and in vivo . It is also preferable to use neutralizing agent of low ionic strength to prevent 
solvent spherules from sticking to each other. 

Accordingly, it is an object of the present invention to provide a heterovesicular lipid vesicle or liposome 
having at least two substances of dif" 
of the vesicle or liposome. 
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A further object of the present invention is the provision of a heterovesicular liposome containing at 
least two biologically active substances of different compositions each encapsulated separately in chambers 
of the liposome in the presence of hydrochloric acid or other hydrochlorides which slow the leakage of 

nvention to provide a heterovesicular liposome containing at least 



and adding to the lipid component an immiscible lirst aqueous component containing a first substance to be 
encapsulated, forming a first water in oil emulsion from the first two immiscible components, providing a 
second lipid component dissolved in one or more organic solvents and adding into the lipid component an 
immiscible second aqueous component containing a second substance to be encapsulated, forming a 



in which a variety of hydrophilic biologically active 



Description of Preferred Embodiments 

The term "multivesicular liposomes" as used throughout the specification and claims means man-made, 
microscopic lipid-vesicles consisting of lipid bilayer membranes, enclosing multiple non-concentric aqueous 
chambers which all contain the same component. In contrast, the term "heterovesicular liposomes" as used 
throughout the specification and claims means man-made, microscopic liquid vesicles consisting of lipid 
' bilayer membranes enclosing multiple, aqueous chambers wherein at least two of the chambers separately 
contain substances of different compositions. The microscopic lipid vesicles include multilamellar lipo- 
somes, stable paucilamellar liposomes, and multivesicular liposomes. 

The term "chimeric emulsion" as used throughout the specification and claims means an emulsion that 
consists of multiple water droplets suspended in organic solvent where the substances of two different 
compositions are each dissolved separately in different aqueous droplets. 

The term "solvent spherule" as used throughout the specification and claims means a microscopic 
spheroid droplet of organic si " 
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tobramycin murarayl dipeptide tives 

piperacillin clotrimazole Winthrop-51711 
moxalactam ribavirin 
amoxicillin rimantadine/ amantadine 

ampicillin Antihypotension aiidothymidine & deriva- 

cefazolin 



cefoxitin amidine-type protease 

other aminoglycosides inhibitors 



Nucleic Acids E AnaloqB 



tumor necrosis factor methylphosphonates 
inhibin and analogs 

tumor growth factor 

Hullerian inhibitors substance 

nerve growth factor 

fibroblast growth factor 

platelet derived growth factor 

coagulation factors (e.g. VIII, IX, VII> 

insulin 

tissue plasminogen activator 
histocompatibility antigen 



A preferred method of making the heterovesicular vesicle or liposome is illustrated in the drawing to 
so which reference is now made. In step 1 (Figure 1) a first aqueous substance of composition 10 to be 
encapsulated is added to a first lipid component 12 in the vial 14. The vial 14 is sealed and in step 2 
(Figure 2) is mixed and shaken, such as being attached to the head of a vortex mixer to form the first water 
in oil emulsion 16 containing the first substance of composition 10 to be encapsulated. In step 3 (Figure 3), 
a second vial 14a, a second aqueous substance 10a to be encapsulated is added to a second lipid 
55 component 12a, and the vial 14a is sealed and in step 4 (Figure 4) is mixed, such as being attached to the 
head of a vortex mixer to form a second water-in-oil emulsion 16a containing the substance of composition 
10a to be encapsulated. 
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In step 5 (Figure 5) the first 16 and second 16a water in oil er 
such as by hand to make a "chimeric" emulsion 17. 

In step 6 (Figure 6) 
containing a third in ' 

pasteur pipette into two one-dram vials 20, here shown as one. 

In step 7 (Figure 7) vials from step 6 are shaken, such as by a vortex mixer to form a chloroform 
lie suspension 21, and in step 8 (Figure 8) the chloroform spherule suspension 21 in each vial 18a is 
n evaporation tank 19 from step 7 and the chloroform is evaporated, such as by a stream 
of nitrogen gas, thereby providing the heterovesicular liposome 22 that contains a first substance 10 in one 
or more internal aqueous chambers and a second substance 10a in the remaining internal aqueous 
chambers within a single liposome 22. 

Preferably, each of the substances to be encapsulated are encapsulated in the presence of a 
hydrochloride, such as hydrochloric acid, which slows their leakage rate from the liposome or vesicle. 

As previously mentioned, any biologically active substance, such as illustrated in Table 1, can be 
encapsulated separately in chambers of the vesicle or liposome. 

The following examples set forth presently preferred methods of encapsulating two substances of 



Preparation of Dideoxycytidine/Glucose Heterovesicular Liposomes 

Step 1 : A first aqueous substance (one ml of 20 mg/ml dideo) 
hydrochloric acid) was added into a one-dram vial containing the 
dioleoyl lecithin, 2.1 umoles of dipalmitoyl phosphatidylglycerol, 15 umoles of cholesterol, 1.8 umoles of 
triolein and one ml of chloroform). 

Step 2 : The first vial was sealed and attached to the head of a vortBx mixer and shaken at maximum 
speed for 6 minutes to form the first water-ln-oil emulsion. 

Step 3 : In second vial, the second aqueous substance (one ml of 30 mg/ml glucose solution in water 




into the bottom of a 2 L 
lysine. A stream of nitrogen gas 
iinutesatl5deg. C. 



This example is for the synthesis of heterovesicular liposomes containing IL-2 (interleukin-2) and lysine 
hydrochloride: For each batch of liposomes prepared, one ml of water containing 10 mg/ml HSA (Human 
serum albumin), 1 ug of IL-2, 200 mM lysine HCI pH 7.13 was added into a one-dram vial containing 9.3 
55 umoles of dioleoyl lecithin, 2.1 umoles of dipalmitoyl phosphatidylglycerol, 15 umoles of cholesterol, and 
1.8 umoles of triolein and one ml of chloroform (this is the first water-in-oil emulsion). For the second water- 
in-oil emulsion, 1 ml of lysine HCI (without IL-2) was added into one-dram vial containing 9.3 umoles of 
dioleoyl lecithin, 2.1 umoles of dipalmitoyl phosphatidylglycerol, 15 umoles of cholesterol, and 1.87 umoles 
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of triolein and one ml of chloroform. Each of the two vials were individually attached to the head of a vortex 
mixer and shaken sequentially at the maximum speed for 6 minutes. 

0.5 ml of the first water-in-oil emulsion was added to the 2 ml of the second emulsion and mixed to 
make a "chimeric" water-in-oil emulsion. Half of the "chimeric" emulsion was individually squirted rapidly 
through a narrow tip Pasteur pipette into one-dram vials, each containing 2.5 ml of 4% glucose in water and 
0.1 ml of lysine free base, 200 mM, and shaken at maximum speed for 3 seconds to form chloroform 
spherules. The chloroform spherule suspensions were transferred into 250 ml Erlenmeyer flask containing 5 
ml of 4% glucose in water and 0.2 ml of lysine free base, 200 mM. A stream of nitrogen gas at 7 L/min was 
flushed through the flask to evaporate chloroform over 5 minutes at 37 degrees C. 



a. For each batch of lipo 

ig 100 mg/ml ara-C, pH 1. 
n, 2.1 umoles of dipalmitoyl phosphatidylglycerol, 15 umoles of cholesterol, 
ana i.B umoles of triolein and one ml of chloroform, attached to the head of the vortex mixer and shaken at 
maximum speed for 6 minutes (this is the first water-in-oil emulsion). For the in situ generation of the 
second water-in-oil emulsion, 1/2 of the content was removed from the first water-in-oil emulsion, and then 1 
■ ml of distilled water was added into the remaining first water-in-oil emulsion and the one-dram vial was 
shaken for 10 seconds at maximum speed. This resulted in a "chimeric" water-in-oil emulsion. Half of the 
"chimeric" emulsion was individually squired rapidly through a narrow tip Pasteur pipette into one-dram 
vials, each containing 2.0 ml of 4% glucose in water and 0.5 ml of lysine free base, 200 mM, and shaken at 
maximum speed for 3 seconds to form chloroform spherules. The chloroform spherule suspensions were 
transferred into 250 ml Erlenmeyer flask containing 4 ml of 4% glucose in water and 0.5 ml of lysine free 
base, 200 mM. A stream of nitrogen gas at 7 L/min was flushed through the flask tD evaporate chloroform 
over 5 minutes at 37 degrees C. 



Exactly the same procedure was used as in Example 2 except IL-2 was replaced with 1 ixg of QM-CSF. 
Synthesis of Heterovesicular Liposomes of Various Lipid Composition, and Incorporation of Various 



In place of using dioleoyl lecithin, dipalmtoyl phosphatidylglyerol, cholesterol, and triolein (TO), and 
other amphipathic lipids such as phosphatidyl cholines (PC), cardiolipin (CL), dimyristoyl phosphatidyl- 
glycerol (DMPG), phosphatidyl ethanolamines (PE), phosphatidyl serines (PS), dimyristoyl phosphatidic acid 
(DMPA), and other neutral lipids such as tricaprylin (TC) in various combination can be used with similar 
results. For example, PC/C/CL/TO in 4.5/4.5/1/1 molar ration; DOPC/C/PS/TO in 4.5/4.5/1/1 molar ratio; 
PC/C/DPPG/TC in 5/4/1/1 molar ratio; PC/C/PG/TC in 5/4/1/1 molar ratio; PE/C/CL/TO in 4.5/4.5/1/1 molar 
ratio; and PC/C/DMPA/TO in 4.5/4.5/1/1 molar ratio can all be used. To incorporate other wi 
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To make liposomes smaller than that in the foregoing examples, and with reference to Examples 1 or 2, 
the mechanical strength or duration of shaking or homogenization in Step 4 of Example 1 or 2 was 
6 increased. To make liposomes larger, the mechanical strength or duration of shaking or homogenisation in 
Step 4 of Example 1 or 2 was decreased. 

The heterovesicular liposomes can be administered to the patients in the normal manner when it is 
desirable to provide two separate biologically active compounds to the patient for the particular purpose of 

to The dosage range appropriate for human use includes the range of 1-6000 mg/m 2 to body surface area. 
The reason that this range is so large is that for some applications, such as subcutaneous aaministration, 
the dose required may be quite small, but for other applications, such as intraperitoneal administration, the 
dose required to be used may be absolutely enormous. While doses outside the foregoing dose range may 
be given, this range encompasses the breadth of use for practically all the biologically active substances. 

is The multivesicular liposomes may be administered by any desired route; for example, intrathecal, 
intraperitoneal, subcutaneous, intravenous, intralymphatic, oral and submucosal, under many different kinds 

When encapsulating more than two substances separately in chambers of a liposome, a third (or 
20 fourth) aqueous component containing the third or fourth biologically active substance is formed, mixed to 
form a third or fourth water in oil emulsion, and then combined with the first and second emulsions and 
mixed to form a "chimeric" emulsion containing the three or more biologically active substances. The 
remainder of the process is the same as described when encapsulating two biologically active compounds 




therein which are within the spirit of the invention^ defined by the appended claims. 
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(a) providing a first lipid cc 



i) forming a first water-in-oil emulsion from the first two immiscible components; 

:) providing a second lipid component dissolved in one or more organic solvents and adding into 

le said lipid component an immiscible second aqueous component containing a second substance 



(f) transferring and immersing the product of step (e) in a third media that is immiscible with said 

(g) dispersing the chimeric emulsion to form solvent spherules containing multiple droplets of the 
first aqueous component containing the first substance and the second aqueous component 
containing the second substance; and 

(h) evaporating the organic solvents from the solvent spherules to form the heterovesicular lipo- 

8. The process according to Claim 7 wherein three or more water-in-oil emulsions containing three or 
more immiscible aqueous components are combined to form the chimeric emulsion. 

9. The process according to Claim 7 or Claim S wherein the first and second lipid components are 



11. The process according to any one of Claims 7 to 9 wherein at least one of the first and second lipid 
components is a neutral lipid either singly or in combination with a substance selected from the group 
consisting of triglycerides, vegetable oils, animal fats, tocopherols, tocopherol esters, cholesteryl esters 
and hydrocarbons. 

12. The process according to any one of Claims 7 to 1 1 wherein the first and second lipid components are 
a phospholipid or an admixture of several phospholipids. 

13. The process according to Claim 12 wherein at feast one of the phospholipids is provided in admixture 



15. The process according to any one of Claims 

group consisting of phosphatidylcholine, cardiolipin, phosphatidylethanolamine, sphingomyelin, 
^phosphatidylcholine, phosphatidylserine, 



e process according to any one of Claims 7 to 15 wherein the biologically at 



8. The process according to Claim 17 wherein the hydrophilic biologically active substance is selected 
from the group consisting of interleukin-2, cytosine arabinoside, methotrexate, 5-fluorouracil, cisplatin, 
floxuridine, melphalan, mercaptopurine. thioguanine, thiotepa, vincristine, vinblastine, streptozocin, 
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is according to any one of Claims 7 to 15 where the biologically at 



id glycoproteins, sedatives and analgesic, steroids, tranquilizers, vaccines and water. 

ances to be 



22. The process according to any one of Claims 7 to 21, wherein at least one of the biologically active 
substances is encapsulated in the presence of a hydrochloride. 

23. The process according to Claim 22, wherein the hydrochloride is selected from the group consisting of 



4. The process according to any one of claims 7 to 23, wherein the emulsification of the two components 
is carried out using methods selected from the group consisting of mechanical agitation, ultrasonic 
energy, and nozzle atomization. 

is according to any one of Claims 7 to 24, wherein the third aqueous component contains at 



combination from the group consisting of free-base lysine and free-base histidinB. 

27. The process according to Claim 25 or Claim 26 wherein the third aqueous component is an aqui 
solution further containing solutes selected from the group consisting of carbohydrates and ar 




Heterovesikulares Liposom nach Anspruch 2, wobei das Hydrochlorid ausgewShlt ist aus SalzsSure, 
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ie folgenden Schritte umfassend: 

in Losungs- 

mitteln gelost ist, und Zugaba eines ersten unvermischbaren waBrigen Bestandteils, der eine erste 

einzukapselnde biologisch aktive Substanz enthalt, zu dem Lipidbestandteil; 

(b) Bildung einer ersten Wasser-in-Ol-Emulsion aus den ersten zwei unvermischbaren Bestandteilen; 

in Lipidbestandteils, der in einem Oder mehreren organischen LOsungs- 



(e) Bildung einer chimaren Emulsion durch Kombinieren der ersten Wasser-in-6l-Emulsion mit der 
zweiten Wasser-in-5l-Emulsion; 

(f) Oberfuhren und Eintauchen des Produkts aus Schritt (e) in ein driltos Medium, das mit den 
organischen Losungsmitteln unvermischbar ist; 

(g) Disporgioren der chimaren Emulsion zur Bildung von LosungsmittelkUgelchen, die mehrere 
Tropfchen des ersten waBrigen Bestandteils enthalten, der die erste Substanz enthalt. und des 

"an waBrigen Bestandteils, der die zweite Substanz enthalt; und 

' is den LBsungsmittelkUgelchen zur Bildung der 



8. Verfahren nach Anspruch 7, wobei drei Oder i 

ge Bestandteile enthalten, zum Erhatt einer chimaren Emulsion kombiniert wer- 



9. Verfahren nach Anspruch 7 i 



40 10. Verfahren nach einem der Anspruche 7 bis 9, wobei einer Oder mehrere der Lipidbestandteile ein Li| 



jch 12, wobei mindestens eines der Phospholipide als Gemisch mit Cholesterin 
•uch 12 Oder 13, wobei mindestens eines der Phospholipide als Gemisch mit 
n der AnsprUche 12 bis 14. wobei die Phospholipide ausgewahlt sind aus 
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Phosphatidylserin, Phosphatidylinosit, Phosphatidylglycerin und Phosphatidsaure. 



17. Verfahren nach einem der AnsprUche 7 bis 15, wobei die biologisch aktive Substanz hydrophil is' 



Hormonen, Mitteln far Immuntherapie, Nucleinsauren und Analogen, Proteinen und Glycoproteinen, 



m der Ansprtlche 7 bis 20, wobei das organisohe LSsungsmittel ausgewahlt ist au 



r Ansprtlche 7 bis 21, wobei mindestens eine der biologisch aktiven 



so 23. Verfahren nach Anspruch 22, wobei das Hydrochlorid ausgewahlt ist aus Salzsaure, Lysinhydrochlorid, 



24. Verfahren nach einem der AnsprUche 7 bis 23, wobei das Emulgieren der zwei Bestandteile ur 
Verwendung von Verfahren durchgefUhrt wird, die ausgewahlt sind aus m 
schailbehandlung und DUsenversprUhung. 

25. Verfahren nach einem der AnsprUche 7 bis 24, wobei der dritts waflrige Bestandteil m 



te wSBrige Bestandteil eine waBrige Losung ist, dii 



29. Verfahren nach einem der AnsprUche 7 bis 28, wobei das Dispergieren zum Erhalt von Losungsmittel- 
kdgelchen unter Verwendung von Verfahren durchgefUhrt wird, die ausgewahlt sin 
RUhren, Uitraschallbehandlung und DUsenvereprOhung. 
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biologiquement actives, encapsulees dans des cavites separees du meme liposome. 



4. Uposome hgtdrovasculaire selon Tune quelconque des revendications 1 a 3, dans lequel au moins 
I'une des substances biologiquement actives est encapsulee en presence d'acide chlorhydrique et 
d'autres chlorhydrates d'acides, ainsi que d'un agent neutralisant. 

ns 1 a 4, dans lequel on choisit les 



6. Vesicule ou liposome lipidique hSterovasculaire selon I'une quelconque des revendications 1 a 4, dans 
laquelle ou lequel on choisit les substances biologiquement actives dans le groupe constitui d'un 
antiarythmique, d'un antiasthmatique, d'un antibiotique, d'un anticancSreux, d'un antidiabitique, d'un 
antifongique, d'antihistaminiques, d'antihypertenseurs, d'antihypotenseurs, d'un antiparasitaire, d'un 
antivirus, d'inhibiteurs de recepteurs de surface cellulaire, du glucose, de glycosides cardiaques, 
d'hormones, d'immunothe'rapies, d'acides nucleiques et analogues, de proteines et de glycoprotemes. 
de sfidatifs et d'un analgesique, de steroTdes, de tranquilisants, de vaccins et d'eau. 

7. Precede 1 de production d'une vesicule ou d'un liposome lipidique heterovesiculaire possedant au moins 



e h partir des deux premiers 



(f) transferer et immerger le produit de I'etape (e) dans un troisieme milieu qui est non miscible avec 
pour former des spheVules de solvants contenant de nombreuses 



h) evaporer les solvants organiques des spherules de solvants pour former les liposomes heterove- 



9. Proc6d6 selon la revendication 7 ou la revendication 8, dans lequel les premier et deuxieme 



( 
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11. Precede 1 selon I'une quelconque des revendications 7 a 9, dans lequel au moins un composant parmi 
les premier et deuxieme composants lipidiques est un lipids nsutrs soit seul, soit en association avec 
une substance choisie dans le groups ccnstitue de triglycerides, d'huiies vegetates, de 
animates, de tocopherols, d'esters de tocopherol, d'esters de chlolesterol et d'hydrocarbures. 




18. Proc<§de selon la revendication 17, 
active dans le groupe constitue 1 de I'interleukine 2, do la cytosine arabinoside, du methotrexate, du 5- 
fluorouracilo, de la cisplatine, de la floxuridine, du melphalan, do la mercaptopurine, do la thioguanino, 
du thiotepa, de la vincristine, do la vinblastine, de la streptozocine, du iBuprolide, de Interferon, de la 
calcitonine, de la doxorubicins, de la daunorubicine, du mitoxantrone, de la cellule amacrine, de 
I'actinomycine et de la bleomyeine. 

19. Precede 1 selon I'une quelconque dos revendications 7 a 15, dans lequel on choisit les substances 
biologiquemem actives dans le groupe constitue d'un antiarythmique, d'un antiasthmatique, d'un 
antibiotique, d'un anticance'reux, d'un antidiabgtique, d'un antifongique, d'antihistaminiques, d'antihyper- 
tenseurs, d'antihypotenseurs, d'un antiparasitaire, d'un antivinjs, d'inhibiteurs de recepteurs de surface 
cellulaire, du glucose, de glycosides cardiaques, d'hormones, d'immunotherapies, d'acides nucleiques 
et analogues, de prolines et de glycoproteines, de s&latifs et un analgesique. de steroTdes, de 





is 7 a 23, di 

ix composants en utilisant des precedes choisis dans le groupe cc 
mecanique, d'une energie par ultrasons st d'une pulverisation par une buse. 
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25. Procede selon I'une quelconque des revendications 7 a 24, dans lequel le troisieme composant aqueux 

26. Procede selon la revendication 25, dans lequal on choisit I'agsnt de neutralisation d'acide, soit seul, soit 
5 en association, dans le groupe constitue de la lysine base libra et da I'histidine base libre. 

27. Procede selon la revendication 25 ou la revendication 26, dans lequel le troisieme composant aqueux 
est une solution aqueuse contenant de plus des solutes choisis dans le groupe constitue des glucides 
et das acides amines. 

28. Procede selon la revendication 27, dans lequel on choisit les solutes, soit seuls, soit en association, 
dans le groupe constitue du glucose, du saccharose, du lactose, de la lysine base libre et de I'histidine 

15 29. Procede selon I'une quelconque des revendications 7 a 28, dans lequel on met en oeuvre la dispersion 
pour former des spherules de solvants en utilisant des precedes choisis dans le groupe constitue d'une 
agitation mecanique, d'une energie par ultrasons et d'une pulverisation par une buse. 



30. Procede selon I'une quelconque des revendications 7 a 29, dans lequel on realise ('evaporation du 
solvant organique en faisant passer de I'azote gazeux sur le deuxieme composant. 
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